With use of a previously described system of grading, a study was made of the relation between each of the grades of hypertensive puluonary vascular disease and the hemiod(ynamine findings in the lesser circulation in 15) cases of atrial septal defect, 19 cases of ventricular septal defect, and 6 cases of patent ductus arteriosus.
TN A previous paper' 6 histologic grades of hypertensive pulmonary vascular disease were defined on the basis of studv of 67 cases or congenital septal defect of the heart and 2 eases of idiopathic pulmonary hypertension. In 40 of these 67 eases of atrial or ventrieular septal defect or patent ductus arteriosus, detailed pihysiologic studies had been carried out. These data are now employed to demonstrate the relation of each grade of the suggested pathologic classification to the level of Julmonary arterial blood pressure and flow and to age. In many instances the physiologic (lata were obtained while the patient was lbreathing air and 100 per cent oxygen resp)eetiv ely. Similar data from 3 cases of idio-I)ctllie pulmonary hypertension, 2 of which were included in the previous paper, are incili(led for purposes of comparison.
METHODS AND MATERIAL l'orty cases were studied and these were sub-(livided into 2 groups according to the type of seIptal defect present.
The first group consisted of 15 patients with itnteraltrial conununication (eases 1 to 15 1  33  19  50  36  76  85  110  119  10  M37  4  48  48  76  85  85  84  120  121  11  F46  5  49  45  90  79  90  91  127  117  12  F27  4  67  67  107  101  81  87  116  130   Common atrioventricular canal with no subvalvular communication   13  F27  5  90  137  82  109  14  F20  1  48  45  81  73  86  91  111  114 Atrial septal defect with pulmonary hypertension probably present from birth These data suggest that the total pulmonary resistance in these cases was compounded of 2 elements, one with a functional, and the other an organic basis. The functional eleinent, defined here as being that part of the total pulmonary resistance removed completely or partially oil the inhalation of 100 per cent oxygen, was of major importance ill grade 3 lesions and was still present in some patients with grade 4 and 5 lesions. However, in the severest grades, even after administration of 100 per cent oxygen there was still a residual resistance which wholly or in part probably had its basis in organic changes in the pulmonary arteries. By expressing the total pulmonary resistance as a ratio of the systemic vascular resistance and plotting the ratio obtained against the grade of hypertensive pulmonary vascular disease ( fig. 3 ) it is shown that, while breathing air, patients with grade 1 or grade 2 lesions had a ratio of 0.3 or less, whereas those with severest structural changes had a ratio of 0.4 or more in most instances. This ratio is of questionable functional significance, however, in patients with interatrial communication, since the lesser and systemic circulations are not directly connected to a common pumping chamber, as in large ventricular septal defect. Figure 4 shows the relation between grade of hypertensive pulmonary vascular disease and pulmonary blood flow. In When the patients inhaled 100 per cent oxygen, there was frequently a rise in the pulmonary blood flow in patients with vascular lesions in the range of grades 1 to 3 (cases 3, 14, 8, and 7). This occurred only exceptionally in patients with a more severe degree of vascular change (case 11), for in grades 4 to 6 there was little or no change in the level of pulmonary flow after inhalation of oxygen (cases 10, 12, 5, and 15). Figure 5 shows the relation between grade of hypertensive pulmonary vascular disease and percentage of blood shunted in each direction through atrial septal defect. These data show a close relation between the direction and magnitude of shunts through the interatrial communication and the severity of structural changes in the pulmonary arteries in any one case of atrial septal defect.
The patients who had interatrial communication with grade 1 and 2 lesions had large left-to-right shunts and little or no shunting of blood from right to left through the interatrial communication. Of the 2 patients with grade 4 lesions, one (case 10) had a large left-to-right shunt and no reversed shunt, but the other had bidirectional shunts. In the 3 patients with grade 5 lesions (cases 5, 11, and 13) and the patient with grade 6 lesions (case 15), the right-to-left shunt was appreciable. While 2 of these patients (cases 5 and 11) also had demonstrable left-to-right shunts, the others (cases 13 and 15) did not. Patient 7 with grade 3 lesions behaved in an exceptional manner in having not only a leftto-right shunt but also a large right-to-left shunt more commensurate with severer grades of hypertensive pulmonary vascular disease.
On the inhalation of 100 per cent oxygen there was in general a slight increase in the magnitude of the left-to-right shunt and, in the patients with the higher grades of vascular change, a considerable decrease in the magnitude of the reversed shunt (cases 7, 5, 11, and 13). Case 12 was an exception in this respect. Figure 6 shows the relation between grade of hypertensive pulmonary vascular disease and mean blood pressure in pulmonary artery. There was a close relation between the grade of structural change and the level of the mean blood pressure in the pulmonary artery. In 5 of the 6 GRADED PULMONARY VASCULAR CIIANGES lesions the ratio was 0.9 or above; that is, the total pulmonary resistance approached, equalled, or exceeded the total systemic resistance. On the inhalation of 100 per cent oxygen, there was a substantial fall in the ratio of the pulmonary to the systemic resistance, no matter what grade of hypertensive pulmonary vascular disease was present, but it did not fall below 0.5 in the patients with grade 5 lesions. Figure 10 shows the relation between grade of hypertensive pulmonary vascular disease and pulmonary blood flow. The relation between these 2 factors is the same as that noted in the cases of interatrial communication. When the patients breathed 100 per cent oxygen, there was in most instances a rise in the pulmonary blood flow in patients with vascular lesions in the range of grades 1 to 3. In patients with grade 5a hypertensive pulinonary vascula' disease there was either little (cases 35, 39, and 40) or no (case 36) iticrease in pulmonary flow. Figure 11 shows the relation between grade of hypertensive pulmonary vascular disease The onset of generalized vascular dilatation in the late stage of grade 3 lesions with the subsequent appearance of complex, localized "dilatation lesions" in grade 4, appears to represent an important transitional stage (described previously" as the "transitional type of vascular bed") in the progression of hypertensive pulmonary vascular disease. This stage progresses to that of the grade 5 and 6 lesions, previously termed the highresistance low-reserve type of vascular bed,6 in which the pulmonary vasculature appears to become fixed, the pulmonary vascular resistance is grossly elevated, and the pulmonary blood flow is low. This vascular bed is no longer labile, having a predominantly organic basis of structural changes in the pulmnonary arteries. The present results show that patients with septal defects of the heart and grade 5 structural changes in the pulmonary arteries have a very high total pulmonary resistance, an abnormally low pulmonary blood flow, and an intracardiac shunt that is predominantly from right to left. Further studies4 at the time of cardiotomy, which are reported elsewhere, also suggest that patients with grade 5 structural changes in the pulmonary vasculature have irreversible pulmonary hypertension that is on a predominantly organic basis.
Our concept of the progression of vascular occlusion, with associated progressive elevation of pulmonary resistance, diminution of pulmonary blood flow and development of irreversible pulmonary hypertension, depends on the present data, which are derived from isolated cardiac catheterizations in a large number of different patients. It is supported defecto del septo ventricular, e in 6 casos de patente ducto arteriose. Datos obtenite per eatheterismo cardiac es correlationate con le grados del alteration in le systema de arterias pulmonar se jundo studios histologic. Le correlation permitte le conclusion que le systema de grados es valide in le estimation del factores que determina le typo de resistentia al fluxo in le vaseulatura pulmonar, providite que on prende in consideration que le normal vaseulatura pulmonar in subjectos de multo basse etate. es characterisate per un alte resistentia.
Grados 1, 2, e 3 indica un vaseulatura que es labile ben que il es possibile quc-illo mantene moderatemente alte nivellos de resistentia. Grados 5 e 6 indica un vaseulatura que mantene un alte nivello de resistentia sed que ha cessate esser labile. Grado 4 pare representar un stadio de transition inter le 2 typos mentionate de vaseulatura.
